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件下腺嘌呤的异常 SERS 信号对应于偶氮嘌呤异构化结构。 
（3）以腺苷为例计算分析偶氮嘌呤衍生物的拉曼光谱，并对偶氮腺苷做了





























































Some aromatic amines and conjugate amines can undergo the surface catalytic 
coupling reactions to selectively produce the azo species on some metal nanostructure 
surfaces (e.g. Ag and Au). Surface-enhanced Raman spectroscopy (SERS) with high 
sensitivity and high-quality Raman signals is applied widely in investigating the 
physical chemical behaviors of adsorption molecules on metal surfaces. To further 
explore the surface catalytic coupling reaction, we inspect the coupling mechanisms 
of thiourea, adenine and adenine derivatives and possible surface adsorption 
structures on silver surfaces by density functional theory (DFT) calculations. The 
theoretical results are summarized as three points. 
(1) Surface coupling reaction mechanism of thiourea and molecular spectra of 
some important intermediates are investigated. We propose that thiourea adsorbed on 
silver surface can undergo the coupling reaction to generate the dithiobiurea (DTBU) 
and then continue to be oxidized to 3,6-dithio-1,2,4,5-tetrazine (DTTZ). Surface silver 
ions catalyze the generation of DTBU on silver surfaces. Moreover, our results also 
showed that the water molecules can promote the isomerization of DTTZ. By using 
vibrational analysis, we reassigned the fundamentals of thiourea. Finally, we studied 
the Raman spectra and the binding interaction of thiourea with various silver clusters. 
We proposed that thiourea silver ion complexes should be the possible existing form 
on silver surfaces.  
(2) The abnormal SERS signals of adenine on silver surface in acidic and 
alkaline media are investigated by DFT calculation. We successfully acquired the 
reasonable molecular structures of surface species corresponding to these SERS 
signals. Our results indicated that these SERS signals originate from azopurine. 
Furthermore, we explored the reaction mechanism to be the surface catalytic coupling 
reaction.   
















azoadenosine and analyze the vibrational fundamentals of azoadenosine. The results 
showed that the ribose moiety has relatively strong Raman signals. The observed 
SERS signals of adenosine on silver surfaces similar to adenine aren’t different from 
azoadenosine, and should be from azopurine and hydrogenated azopurine. We 
purpose that adenosine and other adenine derivatives can undergo the surface 
photocatalytic N9-glucosidic cleaving reaction to produce adenine. We also suggested 
that the charge transfer of adenine derivatives on silver surfaces should be from metal 
to molecule in visible light so the adenine derivatives obtained an electron from the 
silver surface may spontaneously cleave the N9-glucosidic bond.  
 
Key words: Thiourea; 3,6-dithio-1,2,4,5-tetrazine; Azopurine; N9-Glucosidic bond 




















第一章 绪 论 
§1.1 表面催化偶联反应 










峰(约 1130、1390 和 1420cm-1)时，均采用日本北海道大学 Osawa 教授于 1994
年提出的光驱动电荷转移 Herzberg-Teller 振电耦合机理[2]。Wu 等人通过一系列
的理论计算，发现无论选择什么样的银、金簇模型和 PATP 作用，理论预测的拉
曼光谱基频均与实验观测谱峰相差甚远。2009 年, Wu 等于首次提出在银电极或
纳米银 SERS 基底表面由于其对 PATP 具有极高的光催化活性，PATP 分子可以
选择性发生光诱导表面催化偶联反应，生成新的偶氮物种 DMAB。而对 DMAB
和各种银、金簇模型作用的理论计算，能很好的再现文献中报道的实验观测谱，






































线比反-Stokes 线的强度大。这是因为依据 Boltzmann 分布，处于振动基态的粒
子数远多于处于振动激发态的粒子数。对于一个频率为ϑ的振动模，其 Stokes 线























变化[11]。1977 年 van Duyne 等人发现这种强度增强达到了 6 个数量级[12]。这是
一种从未被认识到的、与粗糙表面无关的巨大增强效应，即 SERS 效应[12]。 
20 世纪 80 年代，很多研究者对此进行了系统全面的研究，却发现仅仅在少
数金属（主要是粗化的 Ag、Au、Cu）表面才具有强的增强效应，这严重限制了
SERS 的应用领域。Fleischmann 和 Weaver 研究组分别通过在高 SERS 活性的 Ag
和 Au 基底上沉积超薄过渡金属膜来获取 SERS 信号[13-14]。但是仅几到几十埃的
超薄过渡金属膜很难保证其能完全覆盖住粗糙金属基底，且其电化学稳定性和可
逆性都较差。直到 20 世纪 90 年代后期，得益于电极处理新方法的发展和高灵敏



















































































伏安曲线有三个氧化峰，分别在 0.42V、0.9V 和 1.2V[51]。其中 0.42V 处的氧化
峰对应于硫脲氧化为二硫化甲脒的过程。当电位增加到 0.9V 和 1.2V 时，二硫化
甲脒进一步氧化为一些小分子，如氨基腈、硫酸根和尿素等。在中性或碱性条件
下，硫脲可以被一些氧化物种（如过氧化氢）氧化为硫脲氧化物（一氧化物、二
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